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MOTION MANAGEMENT IN A FAST 
BLOOD PRESSURE MEASUREMENT DEVICE 

[000 1 ] Field of the Invention 

[0002] The invention relates to blood pressure measurement devices in general and 

particularly to devices that monitor the motion of the test subject. 

[0003] Background of the Invention 

[0004] The traditional system and method for measuring blood pressure in vertebrate 

subjects such as human beings involves controlling the flow of blood in an extremity to cause 
circulation to stop, and noting pressures corresponding to the presence of audible sounds that 
occur as the blood circulation is allowed to resume. The method commonly includes 
applying an inflatable cuff to an extremity of the subject, pressurizing the inflatable cuff with 
a working fluid such as air to apply sufficient pressure to cause cessation of circulation in the 
extremity, and listening with a device such as a stethoscope while allowing the pressure 
applied to the extremity to decrease so as to identify a systolic blood pressure corresponding 
to the beginning of blood flow, and a diastolic blood pressure corresponding to the 
unrestricted flow of blood in the extremity. Characteristic sounds are heard upon the initial 
resumption of blood flow, which sounds end when the blood flow becomes unrestricted. 
Pressure is commonly measured in millimeters of mercury (mm. Hg) using a gauge such as a 
sphygmomanometer. U.S. Patent No. 5,704,362, issued January 6, 1998 to Hersh et al., 
describes older systems that employ Korotkoff sounds, as well as systems that use the 
oscillometric technique. One common problem is the discomfort associated with the elevated 
pressure that is applied with such systems. 

[0005] Newer systems involve electronic sensors for measuring pressure within the 

inflatable cuff, and electronic sensors to detect the oscillatory pressures that occur within the 
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inflatable cuff, and electronic sensors to detect the oscillatory pressures that occur within the 
cuff as a consequence of the pulsatile displacement of blood within the extremity. For 
example, U.S. Patent No. 3,903,872, issued on September 9, 1975 to Link, describes a system 
and method for measuring the oscillatory blood pressure using a cuff applied to an arm of a 
patient, and sensing sphygmometric information electronically. U.S. Patent Application 
Publication No. 2003/0069507 Al, by Nishibyashi, describes a cuff applied to a leg of a 
patient, also using electronic sensing apparatus to obtain non-invasive blood pressure 
information. U.S. Patent No. 4,860,759, issued August 29, 1989 to Kahn et al, describes an 
apparatus that measures blood pressure signals using an inflatable cuff and associated sensor 
equipment, and that processes the blood pressure information in conjunction with other 
sensed information, such as a pulse signal recorded from a finger probe. U.S. Patent No. 
5,704,362 describes mathematical analysis methods for extracting blood pressure information 
by fitting curves to blood pressure signals. The entire disclosure of each of the above 
identified patents and published applications is incorporated herein by reference in its 
entirety. 

[0006] A number of problems in addition to discomfort have been observed with 

systems involving electronic sensors. Some of the problems include the inability to make 
accurate measurements in the presence of motion in the subject extremity, and the inability to 
make accurate measurements on very young patients. 

[0007] There is a need for blood pressure measurement systems and methods that 

provide accurate measurements for patients of all ages, that are fast and are comfortable in 
use, and that provide for inadvertent motion by the subject patient. 
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[0008] Summary of the Invention 

[0009] In one aspect, the invention relates to a blood pressure measurement apparatus. The 
apparatus comprises an inflatable chamber. The inflatable chamber is operable to be inflated 
during an inflation interval and deflated during a deflation interval. The apparatus includes a 
sensor coupled to the inflatable chamber, the sensor configured to measure a signal, the signal 
comprising information indicative of a blood pressure of a vertebrate. The apparatus includes 
a control module configured to receive as input at least a portion of the signal from the 
sensor, and to generate as output a control signal having a selected one of a plurality of values 
responsive to the input. The apparatus includes a first analysis module, the first analysis 
module configured to analyze the signal before the inflatable chamber is fully inflated to 
extract from the signal the blood pressure of the vertebrate. Furthermore, the apparatus 
includes a second analysis module, the second analysis module selectively operative in 
response to one of the plurality of values of the control signal, the second analysis module 
configured to analyze the signal during the deflation interval of the inflatable chamber to 
extract from the signal the blood pressure of the vertebrate, whereby the apparatus completes 
the measurement of the blood pressure of the vertebrate using at least one of the first analysis 
module and the second analysis module. 

[00010] In one embodiment, the deflation interval comprises at least one step deflation 

interval. In one embodiment, the plurality of control signal values comprises a first value that 
inhibits operation of the second analysis module and a second value that activates operation 
of the second analysis module. In one embodiment, the blood pressure of the vertebrate 
comprises at least one of a systolic blood pressure and a diastolic blood pressure. 
[000 11] In one embodiment, the apparatus further comprises a reporting module 
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configured to report at least one of the systolic blood pressure and the diastolic blood 
pressure. 

[00012] In one embodiment, the apparatus further comprises a neonate sensor module 

configured to sense whether the vertebrate is a neonate vertebrate. In one embodiment, in 
response to a positive determination that the vertebrate is a neonate vertebrate, the apparatus 
completes a blood pressure measurement of the neonate vertebrate using the second analysis 
module. In one embodiment, the signal analyzed by the second analysis module during the 
deflation interval comprises a signal occurring during at least one step deflation interval. In 
one embodiment, the blood pressure of the neonate vertebrate comprises at least one of a 
systolic blood pressure and a diastolic blood pressure. In one embodiment, the apparatus 
further comprises a reporting module configured to report at least one of the systolic blood 
pressure and the diastolic blood pressure. 

[0001 3] In another aspect, the invention features a blood pressure measurement 

apparatus. The apparatus comprises an inflatable chamber, the inflatable chamber operable to 
be inflated during an inflation interval and deflated during a deflation interval. The apparatus 
includes a sensor coupled to the inflatable chamber, the sensor configured to measure a 
signal, the signal comprising information indicative of a blood pressure of a vertebrate. The 
apparatus includes a first analysis module, the first analysis module configured to analyze the 
signal before the inflatable chamber is fully inflated to extract from the signal the blood 
pressure of the vertebrate. The apparatus includes a motion detection module configured to 
receive as input at least a portion of the signal from the sensor, the motion detection module 
configured to detect a secondary motion of the vertebrate distinct from motion associated 
with the signal comprising information indicative of a blood pressure of a vertebrate and 
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configured to communicate a value to the first analysis module, whereby, in the event that the 
value of the secondary motion detected by the detection module is below a predetermined 
value, the apparatus completes a blood pressure measurement of the vertebrate using the first 
analysis module. 

[00014] In one embodiment, the blood pressure of the vertebrate comprises at least one 

of a systolic blood pressure and a diastolic blood pressure. In one embodiment, the apparatus 
further comprises a reporting module configured to report at least one of the systolic blood 
pressure and the diastolic blood pressure. In one embodiment, the motion detection module 
is configured to provide a warning, the warning being generated in response to the secondary 
motion that exceeds the predetermined value. 

[0001 5] In one embodiment, the apparatus further comprises an announcement module 

that announces the warning. In one embodiment, the announcement is a visual or an audible 
announcement, or both. In one embodiment, the blood pressure measurement is completed if 
the secondary motion falls below the predetermined value within a defined time period after 
the announcement of the warning. In one embodiment, the blood pressure of the vertebrate 
comprises at least one of a systolic blood pressure and a diastolic blood pressure. In one 
embodiment, the apparatus further comprises a reporting module configured to report at least 
one of the systolic blood pressure and the diastolic blood pressure. 

[00016] In one embodiment, the apparatus further comprises a second analysis module, 

the second analysis module operative in the event that the value of the secondary motion 
detected by the motion detector module is at least equal to the predetermined value, the 
second analysis module configured to analyze the signal during the deflation interval of the 
inflatable chamber to extract from the signal the blood pressure of the vertebrate, whereby the 
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apparatus completes the measurement of the blood pressure of the vertebrate using the second 
analysis module. 

[00017] In one embodiment, the deflation interval comprises at least one step deflation 

interval. In one embodiment, the apparatus further comprises a neonate sensor module 
configured to sense whether the vertebrate is a neonate vertebrate. In one embodiment, in 
response to a positive determination that the vertebrate is a neonate vertebrate, the apparatus 
completes the blood pressure measurement of the neonate vertebrate using the second 
analysis module. In one embodiment, the blood pressure of the neonate vertebrate comprises 
at least one of a systolic blood pressure and a diastolic blood pressure. 
[000 1 8] In one embodiment, the apparatus further comprises a reporting module 

configured to report at least one of the systolic blood pressure and the diastolic blood 
pressure. 

[00019] In a further aspect, the invention relates to a blood pressure measurement 

method. The method comprises the steps of providing an inflatable chamber, the inflatable 
chamber operable to be inflated during an inflation interval and deflated during a deflation 
interval; measuring a signal comprising information indicative of a blood pressure of a 
vertebrate; analyzing the signal before the inflatable chamber is fully inflated to extract from 
the signal the blood pressure of the vertebrate; and if necessary, responsive to a control 
signal, analyzing the signal during the deflation interval of the inflatable chamber to extract 
from the signal the blood pressure of the vertebrate; whereby a measurement of the blood 
pressure of the vertebrate is accomplished. 

[00020] In one embodiment, the deflation interval comprises at least one step deflation 

interval. In one embodiment, the blood pressure of the vertebrate comprises at least one of a 

6 



Express Mail Label No. EV303718774US 
Attorney Docket No. 281-398.01 

systolic blood pressure and a diastolic blood pressure. 

[00021] In one embodiment, the method further comprises reporting at least one of the 

systolic blood pressure and the diastolic blood pressure. In one embodiment, the method 
further comprises the step of sensing whether the vertebrate is a neonate vertebrate. In one 
embodiment, in response to a positive determination that the vertebrate is a neonate 
vertebrate, the method completes a blood pressure measurement of the neonate vertebrate by 
analyzing the signal during the deflation interval. 

[00022] In one embodiment, the signal analyzed during the deflation interval 

comprises a signal occurring during at least one step deflation interval. In one embodiment, 
the blood pressure of the neonate vertebrate comprises at least one of a systolic blood 
pressure and a diastolic blood pressure. 

[00023] In one embodiment, the method further comprises reporting at least one of the 

systolic blood pressure and the diastolic blood pressure. 

[00024] In still another aspect, the invention features a blood pressure measurement 

method. The method comprises the steps of providing an inflatable chamber, the inflatable 
chamber operable to be inflated during an inflation interval and deflated during a deflation 
interval; measuring a signal comprising information indicative of a blood pressure of a 
vertebrate, the signal based on motion comprising information indicative of the blood 
pressure; analyzing the signal before the inflatable chamber is fully inflated to extract from 
the signal the blood pressure of the vertebrate; and detecting a secondary motion of the 
vertebrate distinct from the motion comprising information indicative of the blood pressure; 
whereby, in the event that the secondary motion is below a predetermined value, the method 
completes the blood pressure measurement. 
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[00025] In one embodiment, the blood pressure of the vertebrate comprises at least one 

of a systolic blood pressure and a diastolic blood pressure. In one embodiment, the method 
further comprises reporting at least one of the systolic blood pressure and the diastolic blood 
pressure. In one embodiment, the motion detection module is configured to provide a 
warning, the warning being generated in response to the secondary motion that exceeds the 
predetermined value. 

[00026] In one embodiment, the method further comprises an announcement module 

that announces the warning. In one embodiment, the blood pressure measurement is 
completed if the secondary motion falls below the predetermined value within a defined time 
period after the announcement of the warning. In one embodiment, the blood pressure of the 
vertebrate comprises at least one of a systolic blood pressure and a diastolic blood pressure. 
In one embodiment, the method further comprises reporting at least one of the systolic blood 
pressure and the diastolic blood pressure. 

[00027] In one embodiment, the method further comprises the steps of: in the event 

that the value of the secondary motion detected by the motion detector module is at least 
equal to the predetermined value, analyzing the signal during the deflation interval of the 
inflatable chamber to extract from the signal the blood pressure of the vertebrate; whereby the 
blood pressure of the vertebrate is determined. 

[00028] In one embodiment, the deflation interval comprises at least one step deflation 

interval. In one embodiment, the method further comprises sensing whether the vertebrate is 
a neonate vertebrate. In one embodiment, in response to a positive determination that the 
vertebrate is a neonate vertebrate, the method determines the blood pressure of the neonate 
vertebrate. In one embodiment, the blood pressure of the neonate vertebrate comprises at 
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least one of a systolic blood pressure and a diastolic blood pressure. In one embodiment, the 
method further comprises reporting at least one of the systolic blood pressure and the 
diastolic blood pressure. 

[00029] The foregoing and other objects, aspects, features, and advantages of the 

invention will become more apparent from the following description and from the claims. 

[00030] Brief Description of the Drawings 

[0003 1] The objects and features of the invention can be better understood with 

reference to the drawings described below, and the claims. The drawings are not necessarily 
to scale, emphasis instead generally being placed upon illustrating the principles of the 
invention. In the drawings, like numerals are used to indicate like parts throughout the 
various views. 

[00032] Fig. 1 A illustrates in schematic overview a first system useful in making 

measurements of blood pressure according to principles of the invention; 

[00033] Fig. IB illustrates in schematic overview another system useful in making 

measurements of blood pressure according to principles of the invention; and 

[00034] Fig. 2 is a schematic flow diagram that illustrates an exemplary embodiment 

of the steps in a method of measuring blood pressure, or alternatively, depicts the control 

logic of an apparatus useful for measuring blood pressure, according to principles of the 

invention. 

[00035] Detailed Description of the Invention 

[00036] The invention provides solutions to the problem of measuring blood pressure 
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of vertebrate patient subjects who are moving, where the motion is distinct from the motions 
associated with the signal comprising information indicated of the blood pressure. In one 
embodiment, the system detects whether the motion is significant enough and/or of long 
enough duration to affect the blood pressure measurement. If the motion is not too severe, 
and/or if the motion is of short enough duration, the blood pressure measurement is 
performed during an inflation interval of an inflatable chamber, such as a cuff. If the motion 
is sufficiently severe, and/or persists for a long enough time, a control signal is generated so 
that the blood pressure measurement is performed during a deflation interval of the inflatable 
chamber. The system can provide announcements in either or both audible or visual format. 
The announcements are useful to indicate that motion has been detected, and the 
announcements may cause the subject patient to refrain from moving. The system also 
includes a neonate sensor module that can detect whether the subject patient is a neonate 
vertebrate. An example of a neonate vertebrate is a human having an age of 28 days or less 
since birth. The apparatus in one or more embodiments has reporting capability, and can 
provide reports of systolic and/or diastolic blood pressure. In one embodiment, making the 
blood pressure measurement in a time interval shorter than would otherwise be required 
benefits a patient by reducing discomfort. 

[00037] Fig. 1 A illustrates in schematic overview a system 100 useful in making 

measurements of blood pressure that embodies principles of the invention. An inflatable 
chamber or cuff 102 is applied to a limb 104 of a vertebrate animal. The cuff 102 has 
associated with it at least one sensor 106 that senses variations in pressure and/or volume 
within the cuff 102. The sensor 106 communicates with the sensor electronics module 108 
by way of a communication link 110. In the embodiment shown, communication link 1 10 is 

10 



Express Mail Label No. EV303718774US 
Attorney Docket No. 281-398.01 

depicted as a cable having one or more connections, such as a plurality of electrically 
conductive wires, traces on a substrate, or a fiber optic link. Alternatively, communication 
link 110 can be a wireless communication link such as an infrared communication channel or 
a wireless communication channel such as a radio channel (e.g., short range radio, WiFi, 
communication according to any IEEE 802.1 1 standard, and the like). In general 
communication channels described with regard to the present invention may be implemented 
either by communication using a cable (e.g., tethered communication connections) or by 
wireless methods. 

[00038] In the embodiment shown, the cuff 102 is inflated during an inflation interval 

and deflated during a deflation interval. The inflation and deflation of the cuff 102 is 
controlled by a cuff pressure control module 1 12 that inflates and deflates the cuff 102 by 
way of an inflation/deflation tube 1 14 that provides a pressurizing fluid (such as pressurized 
air) to the cuff 102. A pump, a compressor, or another supply of pressurized fluid is 
provided, but is not shown in Fig. 1 A. The inflation and deflation rate and timing of the cuff 
102 is controlled by the cuff pressure control module 1 12 using valves or other known 
devices for controlling flows and pressures of pressurized fluids through the tube 114. In 
various embodiments, the tube 1 14 is either a single lumen tube or a dual lumen tube. 
Overall control of the operation of both the sensor electronics module 108 and the cuff 
pressure control module 1 12 is exercised by a microprocessor-based control and analysis 
module 116 that is in electrical communication with both the sensor electronics module 108 
and the cuff pressure control module 112. In some embodiments, modules 108, 112 and 116 
are all microprocessor-based modules. In some embodiments, two or more of modules 108, 
1 12 and 116 are combined into one module. Microprocessor-based control and analysis 
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module 1 16 is also in electrical communication with an input/output (I/O) module 118. I/O 
module 1 1 8 can in various embodiments include any or all of a keyboard, a button, a mouse, 
an image scanner such as a barcode scanner, or a microphone for use by a user of the 
apparatus for inputting commands. I/O module 118 can in various embodiments include one 
or more input and output devices for loading programs into the apparatus and for 
communicating results of blood pressure measurements and associated information in the 
form of reports, such as LEDs or LED displays, communication links, disk drives, CD- 
ROMs, video monitors, printers, and the like. I/O module 118 can in various embodiments 
include enunciators for making announcements, such as warnings (e.g., indications which can 
be visual or auditory that a vertebrate subject being measured or tested is moving or 
otherwise making a secondary motion distinct from motion associated with a signal 
comprising information indicative of a blood pressure of a vertebrate), indication of a stage of 
a measurement or test (e.g., such as that a measurement or test is ready to be commenced, a 
measurement or test is complete, or the like), and indications of success or failure of a 
measurement or test or a segment of a measurement or test. 

[00039] Fig. IB illustrates in schematic overview another system 150 useful in making 

measurements of blood pressure according to principles of the invention. An inflatable 
chamber or cuff 102 is applied to a limb 104 of a vertebrate animal. In the embodiment 
shown, the cuff 102 is inflated during an inflation interval and deflated during a deflation 
interval. The inflation and deflation of the cuff 102 is controlled by a cuff pressure control 
module 112 that inflates and deflates the cuff 102 by way of an inflation/deflation tube 1 14 
that provides a pressurizing fluid (such as pressurized air) to the cuff 102. A pump, a 
compressor, or another supply of pressurized fluid is provided, but is not shown in Fig. IB. 
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The inflation and deflation rate and timing of the cuff 102 is controlled by the cuff pressure 
control module 112 using valves or other known devices for controlling flows and pressures 
of pressurized fluids through the tube 114. In various embodiments, the tube 1 14 is either a 
single lumen tube or a dual lumen tube. 

[00040] At least one sensor 106 that senses variations in pressure and/or volume within 

the cuff 102 is provided within the cuff pressure control 1 12 and/or the tube 114. In Fig. IB, 
the sensor 106 is depicted as being within the tube 114. The sensor 106 communicates with 
the sensor electronics module 108 by way of a communication link 1 10. 
[00041] Overall control of the operation of both the sensor electronics module 108 and 

the cuff pressure control module 1 12 is exercised by a microprocessor-based control and 
analysis module 1 16 that communicates with both the sensor electronics module 108 and the 
cuff pressure control module 1 12. In some embodiments, modules 108, 1 12 and 1 16 are all 
microprocessor-based modules. In some embodiments, two or more of modules 108, 112 and 
1 16 are combined into one module. Microprocessor-based control and analysis module 1 16 
is also in electrical communication with an input/output (I/O) module 118, such as is 
described hereinabove with regard to Fig. 1 A. 

[00042] Fig. 2 is a schematic flow diagram 200 that illustrates an exemplary 

embodiment of the steps in a method of measuring blood pressure, or alternatively, depicts 
the control logic of an apparatus useful for measuring blood pressure. As will be appreciated 
from Figs. 1 A and IB described hereinbefore, each microprocessor-based module comprises 
both microprocessor hardware and one or more software modules that control the operation 
of the microprocessor-based module during a blood pressure measurement. In the present 
description, Fig. 2 will be described in terms of steps in a process. As will be apparent, each 

13 



Express Mail Label No. EV303718774US 
Attorney Docket No. 281-398.01 

step can be understood as corresponding to one or more computer instructions in a software 
module operating on a microprocessor-based device according to principles of the invention, 
the computer instructions when operting controlling the steps of a blood pressure 
measurement performed by a microprocessor-based blood pressure measurement apparatus. 
[00043] The process starts at box 202, labeled "Start," that will be understood to 

represent all of the steps of initiating operation of the microprocessor-based blood pressure 
measurement apparatus, including all necessary initial internal testing and diagnostic routines 
to assure proper operation of the apparatus, as well as operator entry of information needed to 
identify the subject vertebrate and the circumstances of the measurement. As described 
hereinbefore, the operator can enter information using any or all of a keyboard, a button, a 
mouse (in conjunction with a Graphical User Interface (GUI), a menu system, or the like), 
and/or audible entry of information with a microphone. As required, initialization 
information can also be downloaded from a database. In order to commence a measurement 
of the blood pressure of a vertebrate, the operator places the necessary inflatable chamber or 
cuff on the appropriate location of he vertebrate to be tested, such as an arm of a human 
being, and confirms that all of the necessary portions of the apparatus are properly made 
ready. The operator then issues a command to initiate the measurement, such as pressing a 
button. In one embodiment, at box 204, the apparatus performs an analysis of the signals that 
it detects to determine whether the subject vertebrate is a neonate. Alternatively, the operator 
can issue a command indicating that the subject is or is not a neonate. 

[00044] In the event that the subject vertebrate is not a neonate, the process proceeds to 

box 205, at which time a "fast" cycle is initiated. The fast cycle comprises inflating the cuff 
102 and sensing pressure/volume signals with sensor 106. The sensor electronic module 108 
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comprises a control module configured to receive as input at least a portion of the signal from 
the sensor 106, and to generate as output a control signal having a selected one of a plurality 
of values responsive to said input. As indicated by box 206, a determination is made as 
regards the extent of motion (or other artifacts) distinct from the expected signal indicative of 
a blood pressure measurement. A motion detection module configured to receive as input at 
least a portion of the signal from the sensor performs the determination. Depending at least 
in part on the magnitude of the control signal, the blood pressure signal is deemed to be 
suitable for analysis or unsuitable. The signals so sensed are analyzed using a first analysis 
module. As indicated by box 207, the analyzed information is evaluated to determine of the 
answer appears to be correct. If the answer appears to be correct, and the blood pressure 
measurement so arrive at is deemed appropriate, an "answer" or result is obtained, and in 
some embodiments is enunciated at box 210. The enunciated result can be any one or more 
of a specific value of systolic and/or diastolic blood pressure, an indication of "low," 
"normal," or "high" blood pressure, an indication of a good reading, and an indication that 
the measurement might be suspect and perhaps should be repeated, for example if an 
arrhythmia is detected. 

[00045] As used herein, the term "predetermined value" means a value set prior to 

making a blood pressure measurement. Prior to beginning the measurement, the value can be 
adjusted. In some embodiments, the value can be a value corresponding to a default value, a 
value selected based on a known attribute or condition of a patient, such as age, medical 
condition, or prior medical history, or a value set by an operator of the apparatus using an 
input to the apparatus. The predetermined value can include at least one of an amplitude and 
a duration. 
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[00046] In the event that the control signal indicates some secondary motion or other 

artifact, the process can include a step wherein a warning is given. In different embodiments, 
the warning is enunciated visually or audibly. The warning in some embodiments is made 
known to the operator only, and in other embodiments the warning is made known to both the 
operator and to the subject vertebrate. If the secondary motion or artifact is of small enough 
magnitude and/or of short enough duration (e.g., below a predetermined value), for example 
where the subject vertebrate responds to the warning or to the operator by ceasing the 
secondary motion, the process continues with the steps corresponding to boxes 207 and 210. 
[00047] In the event that the control signal indicates that the secondary motion or 

artifact is of sufficiently large magnitude and/or of long enough duration, for example where 
the subject vertebrate fails to respond to the warning or to the operator by ceasing the 
secondary motion, the process continues with the steps corresponding to boxes 208, 212, 214, 
216 and 218 as necessary. In some embodiments, as indicated by box 208, the information 
obtained during the inflation cycle of box 205 is saved for further use. Alternatively, the 
process can optionally omit saving information, and can proceed through box 208 without 
saving information. In some embodiments, as indicated at box 212, when the secondary 
motion or artifact is sufficient to make the measurement inaccurate, the process completes the 
inflation portion of an inflation/deflation cycle so that sufficient pressure is applied to 
perform a blood pressure measurement during a deflation interval. As further indicated by 
box 212, the measurement of blood pressure during a deflation interval is performed, 
including the use of at least one step deflation interval. As indicated at box 214, a further 
analysis using a second analysis module is performed to extract a blood pressure 
measurement from the signal. If secondary motion and/or other artifacts that would disrupt 
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the measurement are absent or are below a predetermined value, the answer or result is 
provided as indicated at box 216. If the secondary motion/artifact is too large, the inflatable 
chamber or cuff 102 is deflated and as necessary a second measuring cycle is attempted, 
beginning at box 205 again. 

[00048] In some embodiments, if it is discovered at box 207 that the answer is not 

correct, the information obtained during an inflation cycle is retained. The information 
obtained during the inflation cycle is available for recording as part of a subject's record as 
necessary, and is available for analysis and/or comparison with information obtained during 
the deflation cycle. In the event that ther information obtained is deemed incorrect as 
indicated by the arrow labeled "No" leaving box 207, the process continues as represented by 
boxes 208, 212, 214, 216 and 218, which have been described hereinbefore. 
[00049] If the device senses, or if the operator indicates, that the subject vertebrate is a 

neonate, the process advances from box 204 to box 220. The process in one embodiment as 
described in box 220 proceeds directly to a stepped deflation test. The process inflates the 
inflatable chamber or cuff 1 02 so that sufficient pressure is applied to perform a blood 
pressure measurement during a deflation interval. As further indicated by box 220, the 
measurement of blood pressure during a deflation interval is performed, including the use of 
at least one step deflation interval. As indicated at box 222, a further analysis using a second 
analysis module is performed to extract a blood pressure measurement from the signal. If 
secondary motion and/or other artifacts that would disrupt the measurement are absent or are 
below a predetermined value, the answer or result is provided as indicated at box 224. If the 
secondary motion/artifact is too large, the inflatable chamber or cuff 102 is deflated and as 
necessary a second measuring cycle is attempted, as indicated at box 226. If a successful 
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outcome is obtained, an answer or result is provided, as indicated at box 228. 
[00050] Those of ordinary skill will recognize that many functions of electrical and 

electronic apparatus can be implemented in hardware (for example, hard-wired logic), in 
software (for example, logic encoded in a program operating on a general purpose processor), 
and in firmware (for example, logic encoded in a non-volatile memory that is invoked for 
operation on a processor as required). The present invention contemplates the substitution of 
one implementation of hardware, firmware and software for another implementation of the 
equivalent functionality using a different one of hardware, firmware and software. To the 
extent that an implementation can be represented mathematically by a transfer function, that 
is, a specified response is generated at an output terminal for a specific excitation applied to 
an input terminal of a "black box" exhibiting the transfer function, any implementation of the 
transfer function, including any combination of hardware, firmware and software 
implementations of portions or segments of the transfer function, is contemplated herein. 
[00051] While the present invention has been explained with reference to the structure 

disclosed herein, it is not confined to the details set forth and this invention is intended to 
cover any modifications and changes as may come within the scope of the following claims. 
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